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Abstract

This paper introduces a definition of affordability based on the microeconomic theory
of the consumer. We replace utility maximization with effectiveness maximization
and discuss our conceptualization in terms of a cost-effectiveness framework. We
convert our original ideas into a more useful degree (amount) of affordability (i.e., we
ask not “Is it affordable?” but “How affordable is it?”). This allows us to attach
meaning to, and interest in, the concept of an affordability index—or the
measurement of the degree of affordability.

Introduction

There is currently intense debate over whether various government programs (e.g.,
health care, defense, and the environment) are affordable. There are also questions about
the long-term affordability of Social Security and Medicare. Given that affordability is at the
forefront of many of these programs, it is imperative that we can define and quantify it.
Affordability is a concept that everyone seems to understand, but that everyone also has
trouble precisely defining and even more trouble quantifying. Webster’s defines affordability
as “the ability to manage or to bear the cost of without serious loss or detriment.” But this
begs the question; what is “serious loss or detriment?” This ambiguity is prevalent in the
affordability literature. For example, Kroshl and Pandolfini (2000) note that

No single formula precisely defines an affordable system. As a micro-concept,
an affordable system is procured when needed within a budget, operated at a
desired performance level, and maintained and supported within an allocated life-
cycle budget. As a macro-concept, affordable systems are constrained by top-
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line budgets, require timing for competing uses of resources, and must contend
with the dimension of inflexibility in near-term budgets, although long-term
considerations may make many programs justifiable.

Redman and Straton (2001) define affordability as

that characteristic of a product or service that enables consumers to: (1) procure
it when they need it; (2) use it to meet their performance requirements at a level
of quality that they demand; (3) use it whenever they need it over the expected
life span of the product or service; and (4) procure it for a reasonable cost that
falls within their budget for all needed products or services.

With regard to defense programs, the relatively recent emphasis on affordability* is in
marked contrast to the Department of Defense’s behavior during the Cold War. Then, the
emphasis was on effectiveness, and cost, if considered at all, was just another variable.

The end of the Cold War brought a defense drawdown and accompanying budget cuts,
causing an increased emphasis on cost in resource allocation decisions. This emphasis
was formalized in a July 19, 1995, memo titled “Policy on Cost-Performance Trade-Off”
signed by the then Under Secretary of the U.S. Department of Defense for Acquisition and
Technology. The memo introduced the cost-as-an-independent-variable (CAIV) initiative.
CAIV mandated that decisions be made considering both total life-cycle costs (TLCC) and
effectiveness as the decision variables. While CAIV made TLCC visible, it allowed for trade-
offs between effectiveness and TLCC. Thus, if decision-makers put enough weight on
effectiveness, they could still approve systems that were not necessarily affordable, leading
the DoD to revise the concept of affordability. The DoD defines affordability as “the degree
to which the life-cycle cost of an acquisition program is in consonance with the long-range
investment and force structure plans of the Department of Defense or individual DoD
Components.”

It is interesting that the U.S. Department of Defense has difficulty in identifying what
is or is not affordable. In our private lives, we all know implicitly what affordability means.
For example, in deciding whether to buy a new car, | have many options, including keeping
my old car rather than buying a new one. To make my decision, | must decide how much |
am willing to spend on a car as well as decide what attributes | desire in a car. One of the
options | could consider might be a luxury car. In evaluating the affordability of a luxury car,
I would determine whether it fit into my budget. At this point, things get a little complicated.
What does fit in my budget mean? It might mean that | have already determined the
maximum amount | am willing to spend on a car. In that case, the luxury car either costs no
more than my pre-determined amount or it doesn't (i.e., is affordable or isn’t). On the other
hand, I might have in mind an amount | am willing to spend on a car, but | might also be
willing to make trade-offs with other items in my budget if the alternative exceeds my pre-
determined amount. For example, | might be willing to forego eating in restaurants, going to
the movies, etc., in order to buy the luxury car. In that case, | would want the utility of a
combination of goods that includes the luxury car to offer at least as much utility as any
combination of goods that does not include the luxury car. Therefore, the luxury car is
affordable if, after making trade-offs, it fits in my budget and produces at least as much total
utility as | would have without it. This leads to a workable definition of affordability: A
system is affordable if, after making any desired tradeoffs, it fits in the budget and offers at
least as much utility as the current mix of systems.

! For another view of affordability and an excellent review of the affordability literature, see Melese (2010).
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Our goal in this paper is to develop an operational definition of affordability that lends
itself to quantification. We first lay out a model of choice that is the foundation of modern
economic reasoning. We next apply this formulation to a defense budget decision. Finally,
we construct a quantifiable, operational affordability measure.

The Model

Assume that the government defense agency currently produces or purchases a
good @, at a unit cost of C, that provides social utility (i.e., contributes to the defense of the

country). Suppose a new good, q_, at a unit cost of C,, is available, where g _can be
independent of, a substitute for, or a complement to g,. Assume also that the agency

currently has a budget of B, which it uses to purchase or produce a quantity g, of the good
q,. Assuming a social utility function U = f(q ,q,), the agency faces three possible

situations. The firstis that q_ is not affordable, in which case the agency will not produce or
purchase it. In the second situation, ¢  is affordable, and social utility is maximized by
partially substituting ¢ for ¢ . Inthis case, both g and ¢ _ will be produced or purchased.
In the third case, g dominates g and social utility is maximized by discontinuing g _and

producing or purchasing only g . We examine each case in more detail below.

Case 1. q. Is Not Affordable

If c,>B, a, is clearly not affordable unless funds are available to increase B. If the
situation is as shown in Figure 1, however, the affordability of q_ is not clear. In Figure 1, a,
is the quantity of ¢, given a budget level of B and a price of ¢, with g, not included (i.e., it
is the status quo). Including ¢ results in the budget line and social indifference curves
shown. U = f(q,,0) is the indifference curve representing the combinations of g, and a,

that produce as much utility as @, . Note that there are combinations of ¢, and q, that
satisfy the budget constraint. Many of the definitions of affordability noted above define
affordability by whether it fits within the budget constraint. Under these definitions, q_ is
affordable. By our definition of affordability, however, q_ is not affordable because, whereas
q, fits within the budget constraint, adding q, does not achieve a utility level at least as
high as ¢, . There is no combination of ¢, and g, that both satisfies the budget constraint
and produces as much utility as g, . With a budget level of B, adding g, results in lower

utility; therefore, ¢ does not meet our definition of affordability, and g is not produced.

This explains a lot of seemingly paradoxical behavior. For example, in the debate over
health care some note that there are families and individuals who seem to have enough
income to purchase health insurance yet do not. The reason is that their expected level of
utility with health insurance in their mix of consumption goods is lower that the mix without it
given their income.
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Figure 1. Case 1

Case 2: g, Is Affordable, Leading to the Production or Purchase of Both g; and g

This case is shown in Figure 2. As before, U=1(q,0) is the indifference curve
showing the combinations of % and 9, that produce as much utility as ql*. In this case,
however, there are combinations of 9, and 9, within the budget constraint that produce as
much or more social utility as does ql*. Point A is the combination of % and 9, that

produces maximum utility for a budget level of B : however, any combination of % and a

in the area between the indifference curve U=1(q.,0) and the budget line B (shaded

area) produces more utility and costs as much or less than G Thus, a, is affordable.

Figure 2. Case 2
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Case 3: g, Dominates q;

Given the contours of the indifference curves and the slope of the budget line in
Figure 3, q, satisfies the budget constraint while providing more utility than g, or any

combination of g, and a, that satisfies the budget constraint. Indeed, any quantity of

q, between g, and g, costs less and provides more utility than does g, . In this case, only

q, is produced.

Figure 3. Case 3
In all three cases, the combinations of ¢, and q_that cost as much or less than the
status quo lie in the triangle formed by the budget line and the g, and q, axes, that is, by

the origing, and g,. The combinations of ¢, and g, that meet our definition of affordability

are contained in the area between the budget line and the indifference curve (the shaded
area in Figures 2 and 3). This leads directly to a quantifiable measure of affordability: It is

the ratio of the set of combinations of ¢, and ¢ that produce at least as much utility as a,

to the set of all combinations of ¢, and q_ that cost as much or less than g, . This ratio
defines an affordability index a such that 0 <a<1.

Extensions
More Than One Good in the Status Quo Budget

In this case, 0, represents a vector of goods. Let ¢, i =1,...,n be the existing

goods, with @, representing the optimal mix of the current goods. Introducing g, into the

mix leads to the same three cases described above except that the tradeoffs are now
among multiple goods.
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Affordability Over Time

Many affordability decisions involve long-lived assets and therefore affordability must
be assessed over multiple time periods. Affordability over time is much more complicated
than affordability over a single time period. In this situation, every time period must be
assessed for the existence of the three cases above. By our definition of affordability, if in

any one-time period the first case holds, g  is not affordable. However, if it is possible to

alter the budget in a particular period where _ is not affordable so that it becomes
affordable without making it unaffordable in another period, then it meets our criteria for

affordability.
lllustrative Example

Let the measure of effectiveness for each alternative system be described by an
exponential function with two nonnegative parameters a; and c;:

vi(g) =1-e @)
where
9;(q;) = aiQibi-
The parameter a; determines the rate at which v, increases with qib‘. The

parameter b, affects the shape of Vi in that b, >1.0 produces S-shaped curves while b, <1

produces concave growth curves. This function is general enough to exhibit both increasing
and decreasing marginal effectiveness.

Let the joint effectiveness of the two systems be described by
V(q11 qz) =1- e_f (6 2)

where

f(ql’qz):gl(ql)+gz(q2)+d 'gl(ql)'gz(qz)- (2)

The parameter d represents synergistic affects between ¢, and q,. If d >0 then
g, and Q, reinforce one another and produce a higher measure of effectiveness for the

same (q,,q,) thanwhen d =0. This joint function exhibits two important traits. First, it
exhibits eventually decreasing marginal effectiveness along any direction in the

(0,9,) — plane. Second, v(q;,q;) — V;(q;) as g; =0 so that the joint measure of
effectiveness reduces to the appropriate individual measure of effectiveness when one
alternative is removed. These effectiveness measures are defined for all non-negative
(9,,9,) but we will restrict our consideration to only integer values of g, and d,.

Suppose the current system is such that &, =0.17 and b, =0.6 while the new, more

effective, system is such that a, =0.21 and b, =0.8. Also assume d =0.3. This produces
a joint measure of effectiveness with the effectiveness contours presented in Figure 4.
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Figure 4. Contour Plot for v(qs, g2) of Equation 2

Suppose the budget is B =10 and assume that the current system inventory is
g, =10 so v,(10) =0.492. Is the new alternative affordable? To answer this we need to

specify C,. Suppose there are four cases to consider: ¢, =1,2,5 and 10. Each produces a
budget constraint line between (q,,d,) = (10,0) and (q,,9,) = (0,q9,*), where
g, =10,5,4,2 or 1, respectively.

The new system is affordable if there are (q,,q,) combinations for which

v(d;,d;) 2 v(10,0) = v,(10) = 0.492 3)
and
c,g, +¢,q, <10. (4)

Figure 5 presents the situation graphically. The region for which v(q,,q,) > 0.492 is
depicted by the set of closely spaced contours (at intervals of 0.004). All combinations of
(9,,9,) for which v(q,,q,) <0.492 occupy the region with no contours. The four regions for

which (0,,0,) satisfy Equation 4 are identified by their respective lines. The situation shows
that q, is not affordable when ¢, =10. There are no integer solutions other than
(9,,9,) =(10,0), that satisfy Equation 3 and Equation 4. If ¢, =5, we find ¢, is affordable
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at (q,,9,)=(51). If ¢, =2, we find 14 integer solutions, other than (q,,d,) = (10,0), that

are affordable. Finally, if C, =1, there are 44 combinations, other than (q,,q,) = (10,0), that
are affordable. The answer to the question of whether the new system is affordable clearly
depends on ¢,. If ¢, =10, then “no.” But if ¢, <10, then “yes.”

Figure 5. The Affordability of g, when ¢, =10, 5, 2, and 1.0

If a system is deemed affordable, then the next question we ask is: How affordable is
it? The answer is given by the affordability measure we developed in Section 2. The
affordability measure is given by the area defined by Equation 3 and Equation 4 relative to
the area defined in Equation 4 alone. The calculation of this area is an exercise in freshman
calculus, but a useful approximation obtained by simple computation. All we need do is
cover the area Q={(q,,q,)|0<q, <10;0 <, <10} with a grid of equally spaced points and

count how many grid points lay within each area. If N = the number of grid points satisfying
Equation 3 and Equation 4, and M = the number of grid points that lay on or below the
respective budget line, then A=N/M is an estimate of the measure of affordability. The
finer the grid, the better the approximation. Table 1 illustrates this effect. A™ denotes the
value of A obtained using a grid of width X. The third column is the result of using an

integer-based grid while the fourth and fifth columns present estimates for A using an
increasingly finer grid.
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Table 1. Affordability Measure

c, d, AD ACD | A00D)
1.00 |10 | 0.733 | 0.736 | 0.753
2.00 | 5 |0.400 | 0.474 | 0.507
2.50 | 4 | 0.259 | 0.348 | 0.384
3.33 | 3 |0.100 | 0.242 | 0.215
5.00 | 2 | 0.063 | 0.047 | 0.054
10.00 | 1 | 0.000 | 0.002 | 0.001

Note that N is an approximation to the area N ={(q,,q,)|v(q,,q,) >Vv(0,10) and

B>c,q, +¢,0,}, while M is an approximation to the area M ={(q,,9,)|B >¢,q, +¢,q,}.
Because N c M, it will always be the case that

0<A<LL

Affordability depends on more than just the alternative cost, C,, and it is of value to
use the model to study the effect of variations in other factors. For example, what is the
change in the situation if the effectiveness of q, is further enhanced? Suppose the design

of the alternative system can be improved so that a, =0.31 and ¢, while all other
parameters remain the same. This situation yields the measures of affordability in Table 2.
We now find that even at ¢, =5.0 the new system has a modest measure of affordability.

Table 2. Affordability Measure (a, = 0.31)

Of course, there are many other possibilities to consider. Not only is it of interest to
understand the affect of the variation in a single variable, but also the affect of a combination
of variables varying simultaneously. In the end we require a complete sensitivity analysis.
Instead of pursuing these matters here, we prefer to consider the incorporation of
uncertainty. To a certain extent a study of uncertainty and its effects on affordability is quite
similar to a sensitivity analysis, but more focused.

Affordability-Effectiveness Analysis

Our paired-comparison development of affordability extends easily to the situation
where we have multiple competing alternatives. Let there be a set of K candidate
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alternatives, each described by their overall effectiveness and discounted life-cycle cost:
{v,.c,;k =1,K}. The relative cost-effectiveness of the members is assessed in the usual

way by viewing a scatter diagram plot of the members of this set in cost-effectiveness space
(i.e., a plot of v, versus c,). We wish to replace this plot with a scatter diagram plot in
affordability-effectiveness space; that is, a plot of v, versus A,. This is achieved by

repeating the paired-comparison analysis process for each of the candidate systems in
order to obtain their description in terms of the ordered pairs {v,, A ;k =1, K}. We illustrate

this using the data of the previous section.

Let the original system and the three candidate systems be described as before by
Equation 1 and Equation 2 with parameters as given in Table 3.

Table 3. Multiple Candidate System Example

The evaluation of the three new systems gives A =0.495, A, = 0.343, A, = 0.054.

The respective cost-effectiveness and affordability-effectiveness plots are presented in
Figure 6.

Figure 6. Cost-Effectiveness and Affordability-Effectiveness
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Note how each may be viewed as the mirror image of the other. Both exhibit an
efficient frontier, although with the opposite orientation with respect to the preferences of the
horizontal axis. In the cost-effectiveness plot the preferred direction is upward and to the left
while in the affordability-effectiveness plot the preferred direction is upward and to the right.

If the apparent mirror image of the two plots of Figure 6 is a pattern that always
appears, then one could argue that the information produced by the affordability analysis
offers nothing beyond the information contained in the cost-effectiveness analysis. The
efficient set is the same in both plots and the trade-offs are mirror images of one another: Is
the increase in effectiveness in choosing Alternative 3 over Alternative 2 worth the increase
in cost? As opposed to: Is the increase in effectiveness in choosing Alternative 3 over
Alternative 2 worth the loss in affordability? A small change in our example shows this not

to be the case. Let the cost of Alternative 2 increase to ¢, =3.0 and let that cost of

Alternative 4 decrease to ¢, =9.0. Application of our analysis to this new situation gives the

results presented in Figure 7. Now we find a different efficient set in affordability-
effectiveness space. In fact, Alternative 2 is now no longer efficient—it is dominated by
Alternative 3. This is a significant alteration of the cost-effectiveness situation: the efficient
set is now composed of only Alternatives 3 and 4. The decision to be made now concerns
only two alternatives.

Figure 7. Cost-Effectiveness and Affordability-Effectiveness With ¢, = 3.0 and ¢4 =
9.0

Uncertainty and Affordability Risk

Our affordability concept accommodates uncertainty in an obvious way. All we need
to do is interpret the occasion when (q,,d,) € N as an event and the metric A=N/M as

a random variable. Now the determination of an alternative’s affordability is equivalent to
calculating the P{N = 0} =1— P{N =0} or determining the P(A>0) =1-P(A=0). Since
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affordability is a binary concept—either (q;,q,) € N or not—an alternative is affordable if
there exists only a single point for which (q,,q,) € N.

Of more use to the decision-maker is an assessment of the affordability measure. An
alternative with a high measure of affordability implies that there are many combinations of

(9,,9,) that will be preferred to the status quo. In the presence of uncertainty this can mean

a higher likelihood for a satisfactory outcome—one in which the chosen (q,,q,) actually
produces at least as high effectiveness as the status quo. Thus, it is of some interest to the
decision-maker to ascertain P(e, < A<q,,) for various (¢, ). This is equivalent to

assessing the quantiles of A and this requires the distribution function of A. The
assessment of affordability risk now takes explicit form.

= AFFORDABILITY RISK (Type 1). The likelihood that an alternative is
unaffordable:

P(A=0).

= AFFORDABILITY RISK (Type 2). The probability that the measure of
affordability is less than some minimally acceptable level:

P(A<a,,)

The assessment of both types can be accomplished in many ways, but we find
simulation modeling particularly attractive.

Simulation modeling makes good use of all available information concerning the
uncertainties of the situation. It incorporates available theoretical results, subjectively
assessed information, and assumptions the decision-maker is willing to make to fill in the
gaps in required information. In our present context, there often are probability models
representing estimations errors, particularly if life-cycle cost estimates rely on statistical
techniques as regression in building cost estimating relations (CER). Moreover, the analyst
often has knowledge of the measurement errors and imprecision in the evaluation of
effectiveness.

An lllustration of Affordability Risk Assessment

We now illustrate the simulation modeling approach using our previous, deterministic
example. The main issue of concern is computation of the probability distribution of A. This
is all the information we need to assess any statistic relating to A, especially those we use

to represent our two measures of risk. Simulation modeling provides only an approximation
of the statistic of interest, but the accuracy of this approximation is limited only by the
amount of time and computation we allocate to the task.

All parameters relating to the existing system are assumed known with certainty:
g, =10,a, =0.17,b, =0.6,c, =1. The nominal values for the new system are as before:

a,=0.21b, =0.8 and d =0.3. Cost is considered uncertain within the range: 1< ¢, <10.

Although the decision-maker is willing to believe the certainty attached to the parameters of
the existing system, all parameters of the new system are viewed as only nominal.

We present six runs illustrating risk assessment scenarios under a variety of input
specifications. Each illustrates the type of information the decision-maker may use: (1)
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assumptions based on little or no prior information, (2) subjective assessment of related
information, or (3) available hard data provided by the analyst (e.g., life-cycle cost estimation
error and effectiveness estimation errors). The first three scenarios depict a situation where
the decision-maker is willing to accept the effectiveness estimate for the new system (q,)
but not its cost estimate nor the value of the future budget. Run 1 assumes the decision-
maker is willing to state a value for the minimum, most likely, and maximum value for C, and

B. This type of prior information can be expressed as a triangular probability distribution or
a Beta distribution parameterized to accept specification in three-parameter form (instead of
the traditional two-parameter form). This type of Beta is referred to as a Program Evaluation
and Review Technique (PERT) distribution. In Run 2 the decision-maker is willing to specify
only a minimum and maximum for C, while believing that any value between these limits is
equally likely. This information is represented by a uniform probability distribution. Run 3
extends this less informative prior to the budget as well. The last three runs illustrate the
situation when the decision-maker no longer accepts the effectiveness estimate for the new
system but is willing to employ the parameters as the most likely values in PERT
distributions. Runs 4 and 5 illustrate pessimistic views of the new system effectiveness
estimate. Run 6 illustrates the amount of improvement required in a,, relative to Runs 4 and
5, to reduce the risks to acceptable levels (assuming a decision-maker who can tolerate a
level as high as 0.05 or 5%). Each run employs 5,000 Monte Carlo trials with Roman
hypercube sampling.

Table 4. Simulation Scenarios

The results are presented in Table 4 using four statistics. Columns 2 and 3 are the
limits of the 95% confidence interval for A. These define the limits of the interval on the real
line within which we will experience the actual (realized) value of A. The fourth column
gives the estimate of Type 1 Risk (i.e., the likelihood the new system will be unaffordable).
The last column presents the estimate of Type 2 Risk (i.e., the likelihood that actual A will
be less than what is minimally acceptable—be specified as 0.1). The relative frequency
distributions of A are presented in Figures 8-13.
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Table 5. Affordability Statistics

Comparing the results of Runs 1-2 demonstrates an important insight for decision-
makers: the amount of probabilistic information provided affects the assessed risk. Both the
PERT and uniform distribution have the same range of values but the PERT distribution
provides more information: the most likely value, as well as the upper and lower bounds. As
a consequence, the PERT distribution decreases the likelihood of values at, or near, the
extremes of the distribution while placing more likelihood on values nearer the most likely
value. This manifests itself in less assessed risk: a more narrow 95% confidence interval for

Aand a very small value for P(A <0.1). Using the uniform distribution for C, represents a
reduction in information and leads to more assessed risk: a wider confidence interval for A
shifted towards zero and higher P(A<0.1). Run 3 represents a further reduction in

information and increase in assessed risk: the 95% confidence interval for A now includes
zero with P(A=0)=0.029 and P(A<0.1) =0.404.

Runs 4-5 illustrate the situation where the decision-maker does not have complete
confidence in the estimate of effectiveness for the new system. Actual a, may be as much
as 19% below the nominal while only 5% above the nominal, but its most likely value at the
nominal estimate. Likewise, b, may be as much as 19% below nominal or 6% above with a

most likely value at the nominal estimate. Run 4 is to be compared with Run 3 to see the
effect on risk when uncertainty in effectiveness is added to the analysis. Run 5 is to be
compared with Run 4 to see the effect of an even more pessimistic budget environment.

Run 6 addresses risk from a different perspective. The question here is the amount
of increased effectiveness that must be offered by the new system to lower the risk to an
acceptable level. We illustrate using only a, to keep a narrow scope. We find the new
system reduces risk significantly if 0.20 <a, <0.40 with most likely value 0.35. This
produces P(A=0)<.01 whereas P(A<0.1)[10.05, presenting a considerably less risky
situation than Runs 4 and 5. This result is only suggestive—a more detailed analysis also
involving b, would be required to more completely answer the question.
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Figure 8. Run 1 Affordability Measure
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Figure 9. Run 2 Affordability Measure
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Figure 11. Run 4 Affordability Measure
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Figure 13. Run 6 Affordability Measure
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Definitions of Affordability

* No precise definition

« Definitions usually refer to:
— Budget
— Performance level
— Life cycle costs
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Affordability with 1 Good

Utility

q,*=B/c, d
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Affordability with 2 Goods

d;

f(ql*lo)

‘JI >

q,*=B/c; d;
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Affordability with 2 Goods




Affordability with 2 Goods




Index of Affordabillity

The ratio of the set of combinations of g,
and g, that produce at least as much utility
as g, * to the set of all combinations of g,
and g, that cost as much or less than g, *.
This ratio defines an affordability index o
such that 0< a <1.




Affordability Example

Individual effectiveness: v.(q) =1—e %W

where g;(q;) = a,q;".

Joint effectiveness: v(q,,q,) =1—e (992

where f(ql,qz) = gl(q1)+ gz(Qz)"‘ d 'gl(ql)'gz(qz)-




a,=0.16,b,=0.60; a,=0.21,b,=0.80; d=0.30

10

g units
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The new system is affordable if there are (qg,,q,) combinations for which

v(¢,,9,) >Vv(10,0) =v,(10) = 0.492 (3)

and

€,q, +C,0, <10. (4)

ql uniis
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Monierey, A

Acquisition Research Program: Creating Synergy for Informed Change



N = the number of grid points satisfying eq.(3)

M = the number of grid points that lay on or below the respective budget line

A=N/M is an estimate of the measure of affordability

c, |q, | AD [ ACD [ A0
1.00 {10 | 0.733 | 0.736 | 0.753
2.00 | 5 |0.400 | 0.474 | 0.507
250 | 4 10.259 | 0.348 | 0.384
3.33 | 3 | 0.100 | 0.242 | 0.215
5.00 | 2 | 0.063|0.047 | 0.054

10.00 | 1 | 0.000 | 0.002 | 0.001

A™ denotes the value of A obtained using a grid of width X.
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TABLE 1: AFFORDABILITY MEASURE
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Investigating the effects of varying system parameters besides
the new system cost.

TABLE 2: AFFORDABILITY MEASURE (a, =0.31)

C, qs A 0.01¢
1.00 10 0.848
2.00 5 0.696
2.50 4 0.620
3.33 3 0.494
5.00 2 0.260
10.00 1 0.020

The new system now possesses a modest
affordability forc, = 5.0
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Affordability-Effectiveness Example

TABLE 3: Multiple Candidate System Example
k ay by Ck

0.17 | 0.6 | 1.0
0.21 | 0.8 | 2.0
0.35 | 0.7 | 5.0
0.41 | 0.9 | 10.0

A W N -
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c,=2.0 A, =0.495
c;=5.0 A; =0.343
c,=09. A,=0.054
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c, = 3.0 A, =0.26
C, = 5.0 A, =0.33
¢, = 9.0 A, =0.09
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AFFORDABILITY RISK

Interpret (ql, g2) ¢ AV as an event.
PN #0}=1-P{ ANV =0}

Interpret A = N/M as a random variable.
PA ©00OH]1 =«PMG HOO

e AFFORDABILITY RISK (Type 1): The likelihood that an alternative is unaffordable:
P(A=0).

e AFFORDABILITY RISK (Type 2): The probability that the measure of affordability is less
than some minimally acceptable level:

P(A<a,,)
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Affordability Risk Example

TABLE 4: SIMULATION SCENARIOS

RUN az b, C2 d B

1 0.21 0.80 PERT (2.0,2.2,5) |3 [PERT (9,10,10.05)
2 0 21 0.80 Uniform (2,5) '3 PERT (9,10,10.05)
3 0.21 0.80 Uniform (2,5) .3 [Uniform (9,10.05)
4 | PERT(.17,.21,22) PERT (.65,.80,.85) |Uniform (2,5) '3 |[Uniform (9,10.05)
5 | PERT(.17,.21,.22) |PERT (.65,.80,.85) |Uniform (2,5) '3 |Uniform (8,10.05)
6 | PERT(.20,.35,.40) [PERT (.65,.80,.85) [Uniform (2,5) '3 |[Uniform (8,10.05)

5000 trial using Roman hypercube sampling
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Run 4. Effectiveness, Cost and Budget

Run 5 : Effectiveness, Cost and Budget
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Run 6 : Effectiveness, Cost and Budget

Naval Postgradiate Sclhoal
Monterey, LA




Affordability Risk Example

5000 trial using Roman hypercube sampling

TABLE 5: AFFORDABILITY STATISTICS

RUN O 025) A g75) P(A=0) P(A<0.1)
1 0.125 0.475 0.000 0.010
2 0.026 0.475 0.000 0.298
3 0.000 0.467 0.023 0.343
4 0.000 0.452 0.030 0.355
5) 0.000 0.425 0.211 0.502
6 0.061 0.693 0.003 0.041
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